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[57] | ABSTRACT

This invention relates to the amine bisulfites which are
useful as a combination corrosion- inhibitor/oxygen
scavenger. This is illustrated by heterocyclic amine bi-

sulfites such as pyridine bisulfites.
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AMINE BISULFITES

The presence: of ‘air or oxygen mcredses thc corro— |
siveness of a system, for example; dnllmg fluids or air

drilling bybtems used in drlllmg oil and gas wells, brines

employed in the seeonddry recovery of . petroleum by
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-_ﬂoodmg medlum may also contain other agents such as

~ surface active agents or detergents which aid in wetting

throughout the system and also promote the desorption
of residual oil from the formation, sequestering agents

‘which prevent the deposition of calcium and/or magne-

sium compounds in the interstices of the formation,

water flooding and in the disposal of waster water and -
brines from oil and gas wells, steam generating systems,

water uroulatmg systems, automobile radiators, diesel

locomotive engmes boiler water, sea water bhlp ballas.t |
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etc.; in fact, in'any system where oxygen or air is pre-
sent, its presence causes or increases corrosion. There-

fore it is highly desirable to remove oxygen from such
systems. The practice of removing dissolved oxygen
from such systems is so well known that the agent em-
ployed to achieve this resuit 1s known as oxygen scav-
enger. o

Where corrosion inhibitor/oxygen scavenger systems
have heretofore been employed, the oxygen scavenger
usually i1s blended with the corrosion inhibitor, edch
separately performing its function. | o

We have now discovered bisulfites of corrosion in-
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hibiting amines function as both corrosion inhibitor

and oxygen seavenger
Such corrosion inhibiting amines mclude aliphatic,
cycloaliphatic, aromatic, heterocyclic, etc., amines.

25

Preferably these amines'contain tertiary amine groups. . .
In addition, most blended corrosion inhtbitor/oxygen

scavenger systems are ineffective as scavengers be-

cause the presence of the corrosion inhibitor often
interferes with the oxygen scavenging reaction.

30

"~ We have also discovered when bisulfite salts of

amines of this invention are employed, the presence of

the amine does not inhibit its oxygen scavenging func-

~tion. Although it is well known that cobalt is an excel-
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lent catalyst for the oxygen scavenger system such as

ammonium bisulfite, it cannot be used because it re-

sults in the formation of insoluble product. We have
also discovered that this insolubilization does not occur:

‘with the amine bisulfite products of this invention.

These compounds are not only effective as oxygen

scavengers, they are dlSG effective as corrosion lnhlbl-
tors. | .
These eompounds are particularly effectwe in the
preventlon of corrosion in systems contalmng a Corro-
sive aqueous medium, and most partlcularly in eyetems
containing brines.

These compounds can be used in the prevention of
corrosion in the secondary recovery of petroleum by
water flooding and in the disposal of waste water and
brine from oil and gas wells. Still more particularly,
‘they can be used in a process of preventing corrosion in
water flooding and in the disposal of waste water and
brine from oil and gas wells which is characterized by
injecting into an underground formation an aqueous
solution containing minor amounts of the compositions
of this invention, in sufficient amounts to prevent the
~ corrosion of metals employed in such operation.

Water flood waste disposal operations are too well .

known to require further elaboration. In essence, the 60

| ﬂoodmg opemtnon 1S effected in the conventional man-
ner except that the floodmg medium contains a minor
amount of these compounds suff' cient to prevent cor-

FOSIOH

~While the ﬂoodmg medlum employed in accordance ©
‘Wwith the present invention contains water or oil field

- brine and the compound‘; of this invention, the medium

| _may dlSO cont.;un other materldle For example the
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- detGl‘lClde‘; which prevent the formation from becom-
“ing plugged through bacterial growth, tracers, etc. Sim-

ilarly, they may be employed in conjunction with any of
the operating techniques commonly employed in water
flooding and water disposal processes, for example five
spot flooding, peripheral flooding, etc. and in conjuc-
tion with other secondary recovery methods.

The concentration of the compounds of this inven-
tion will vary widely depending on the particular com-

‘pound, the particular system, etc. Concentrations of at

least about | p.p.m., such as about 1 to 7,500 p.p.m.,
for example about | to 5,000 p.p.m., advantageously
about 10:to 1,000 p.p.m., but preferably about 25-250
p.p.m. may be employed. Larger amounts can also be
employed such as 1.5-5.0% although there is generally
no commercial advantage in so doing.

For example, since the success of a water ﬂoodmg
operation manifestly depends upon its total cost being
less than the value of the additional oil recovered from
the oil reservoir, it is quite important to use as little as
poss:ble of these compounds consistent with optimum
COrrosion mhibmon Since these compounds are them-
selves inexpensive and are used in low concentrations,

- they enhance the success.of a ﬂood opemtlon by lower-

ing the cost thereof. |
The followmg are non-llmmng exdmples of heterocy-
clic amines:
Lower monoalky] prefembly (C, and C,) 2-sub-
_stituted pyrtdmes such as 2-p1colme :.‘md 2-ethyl-
- pyridine | |
Lower dialkyl, prefembly (C, dnd C;), ?...3 2,4; and
2,5-substituted pyridines, such as 2,4-lutidine, 2.5-
lutidine, 2,6-lutidinc, 2-methyl-3-ethylpyridine,
2-methyl-4-cthylpyridine, .
“dine, - 2-ethyl-4-mcthylpyndmc
methylpyrtdme

and 2-'ethyl-5- _

-~ Lower trialkylpyridines haymg either the 2 or 6 poOSsi-

“tions (but not both) open, such as 2,3,5-trimethyl-
pyridine, and 2,3,5- -tricthylpyridine
- Polynuclear heterocyclic nitrogen compounds, such
as quinoline, isoquinoline, benzoquinolenc, phen-
anthridine and acridine, and alkyl substituted de-
‘rivatives thercof.
Many of the commercmlly available mtrogen com-
pounds suitable for preparing the corrosion inhibitors

~of this invention are mixtures of the above-described
materials. These materials are available from the fol-
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lowing companies under the following names.
Reilly Tar dnd Chemlc.al Co.: |
LAP
HAP
~Allied Chemical Company
~Tar Base
“Inhibitor Base
- Quinoline Residuc
- Koppers Company:
~ 15-18 grade base
16-20 grade base
Wet sprung high boiling base -
- The name “LAP” above refers to low-boiling alkyl-
pyridines, having the followmg properties:

2-ethyl-3-methylpyri-
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| ' o o Amine C-6 obtained as a co-product from a commer-
Distitlation range at 760 mm.., 5-45%., °C. . T 1T72-1R3

Demsity at 20°C. g/ml - T cial continuous opuatmn 1s a clear, darkamber liquid
Neutral oil, pereent . 32 composed primarily of a mlxturc of dllphatlc: and het-
Approximate equivalent weight ... 13 erocyclic mono-.and diamines. The morpholinyl ring is
. - the dominant h(.term.y{,h(. group present, and the OXY-
Tht., name “HAP’ above rdus tn hl}_,h -boiling dlkyl- L ethy[ene h“kdbe appears very frt,quantly In the various
pyridines, having the following properties: Dtst:llatmn ~ compounds present. Amine C-6 is completely miscible
range at 760 mm.: | | with water. |
{0 Amine C-6 was subjet_tcd to 2 fmctmna[ distillation
| 0. analysis. The fractions were then analyzed by a combi-
i"ﬁ | - 3:;:; R nation of vapor chromatographic analysis, titration
o - 211 - analysis, functional group analysis, and infrared. Un-
20 | | 218 doubtcdly, the thru: major compound& typically pre-
;:: | o %;2 15 sent are:
, 8{) 361
Decompostion after 80% distilled: ' O: | >NCH2CH20CH2CH2N< >0
' - 0 ' ' - 37% wb.
Nevray b2 ol e O, /NCH,CH,OCH,CH,NH,
Approximate equivalent weight 200 18% wt.
o S 0 )NCH,CH,OCH,CH,OH
The name **Alkyl Pyridine R (APR) of .Union Car- 11% wt.
bide Company refers to a mixture of high boiling alkyl- 22 | | |
pyridines with an equivalent weight of about 170, 1. bis-2~( 4 morpholmyl) ethyl other

The amine bisulfites are prepared by suitable means.
Smce_ they are l’.)lsultltl:‘: salts, they can be Prepared by 3. 2-(4-morpholinylethoxy) ethanol
reacting the amines with HySO; or its equivalent. For : . - 0
: , 1 ... 30 These constituents represent approximately 65% wt. of
example, sulfurous acid- (H,S03) can be prepared in - ) : .- . .
. . ) ; the Amine C-6. Other amines which have been identi-
situ by dissolving SO, in water. : .
_ fied as present in small quantities are:
HLO+S0, — H.SO, -bis-(2-aminocthyl) ether
| 4-(2-aminocthyl) morpholine

The salts are prepared by reacting one equivalent of 35 2-(2-aminoethoxy) ethanol

- 2. 4-(2-aminocthoxy) ethylmorpholine

amine with one equivalent H,SO, or SO, according to dimorpholinoethane
the equation . | __ The following examples are presented for purpoqes of
tllustration and not of limitation.
N+ $0.+ HO — - 40 EXAMPLE |
' ®= the amine - ‘ |

. H.O 13.90

. SO, 2 _

H50; Isopropanol 27.81

SO, 20.00
specifically with 2-methyl-5-ethyl pyridine (MEP) 45 '
MEP.HSO; was prepared by adding SO, to the aque-
ous sopropanol solution of MEP.

- - EXAMPLE 2
—> 50 - _

- Anune C-6 47.00)
I { H.O 15.62
Isopropanol 9.56
SO, | 2(3.00

- - added tol Vo S |

e ,' .--HSO © 60 The Ammes C 6 HSO; was prep.-.lred by addmg SO,

~ N -~ -3 77 to the isopropanol solution of Amine C-6.
CH; H ® - o CoCl, was added to the formulation by dlssolvmg In
~ water and then addmg this rwlutmn to the final product.

’_EXAMPLE 3 N

(MEP - HSO,,)

L] - - » - | 65 ..
Aliphatic amine is illustrated by triethanol amine. - S EET DUCI SRR
Other heterocylic amines are illustrated by morpho- . CPieoline e 29,06

line amines s e s 3 - : b (Tt H,O o T 560
Ine amines such as those containcd in Amine C-6 (Jef- sopropanol 3532

ferson Chemical). - ; | SO, | 20.00
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Picoline'HSO, was prepared by adding SO,
aqueous isopropanol solution of Picoline.

to the

'EXAMPLE 4
- NH,OH .26
.. MEP 28.40)
H.O 8.22
- Isopropanol 25.12
SO, 30.00

The HSO«;'sallt was prepared by .'zidding SO, to the

aqueous isopropanol solution of NH JOH/MEP.
A 1% SO]UthI’l of CoCl, was ddded to the final prod-
UC.‘%- |

- EXAMPLE 5
Tricthanol amino (TEA) 45.53
H,0 22.99
sopropanol - 11.48
- SO, 20.00

"TEA - HSO, was prepdrf,d by adding 802 to the aque-
ous isopropanol solution of TEA. -

A 1% CoCl, solution was added to the ﬁndl product

The followmg tests were run to illustrate the effec-
~tiveness of the, compounds of this mventlon The OXY-
gen scavenger tests were run as follows: |

The test apparatus consists of an oxygen meter, 1000
ml flask, 5% synthetic sea water, stopwatch, .and MICTO
syringe.

“The flask is filled with sea water, dnd corked. The
oxygen probe is inserted through the cork and fluids
are stirred with magnetic stirrer. "

PPM O, reading, temperature reading, and pH are
taken prior to scavenging. Compound is added at a
ratio of 20 ppm compound: 1 ppm O,. The time neces-
sary to reach about O ppm Q, is taken on stopwatch.

TABLE I

Oxygen Scavenger Tests

The results as tested at pH8 and temperature of
about 20°C. are as follows:

Elapsed time in scconds

() 60 90 120 {50 180
Ex. 1 MEP product 8.3 1.25 0.5 030 025 ~0
- Ex. 2 Amine C-6 9 0.75 0.5 0.25 020 ~0
| product |
Fx. 3 Picoline 8.7 0.50 035 0.25 0.20 -0
product
Ex. 4 NH,OH+MEP 8.5 .00 0.25 0.35 0.25 -~0.2
- product
Fx. 5 TEA product Q 200 1.0 050 04 ~0.25

CORROSION TESTS

These tests were run under conditions so set up as to
‘simulate those found in an actual producing well. The
“test procedure involved the measurement of the corro-

6

sive action of fluids inhibited by the compositions
herein described upon sandblasted SAE 1020 steel
coupons measuring % inch in diameter and being 4
inches long when compared to test coupons containing
no inhibitor and commercial inhibitors.

Clean pint bottles were half-filled (almost 200 ml.)
with seawater (i.e. tap water containing 3% by weight

- of the salts, magnesium chloride, calcium chlornde,

10

15

25

40

sodium sulfate and sodium chloride) which had been
saturated with hydrogen sulfide. Those requiring inhib-
itor were charged with the same by pipetting calculated

“amounts contained in suitable solvents (water, 1SOpro-

pyl alcohol, mineral spirits) to give the required parts
per million of inhibitor. Uninhibited blanks were run in
conjunction with inhibited solutions. The bottles were

now filled (total volume now about 400 ml.) leaving a .

small air space to allow for expansion. The weighed

coupons attached to sealing caps were screwed onto
the bottles and they were placed on a rotating wheel.
The coupons were then removed, cleaned electrolyti-
cally in 5% sulfuric acid (using the coupons as a cath-
ode) and washed successively with dilute sodium hy-
droxide, twice with water, once w1th acetone and ﬁ
nally dried. -

The changw In the welbhts of the coupons durmgj the
corrosion test were taken as a measurement of the
effectiveness of the inhibitor compositions. Protective

percentage was calculated for each test coupon taken

from the mhlblted ﬂulds n accordance w1th the follow-

mg formula:

W| - Wz
W, X

1)) = percent protection

“in which W, is the loss in weight of the coupontaken

from uninhibited fluids and W, is the loss in weight of

coupons which were subjected to inhibited fluids.

The results are presented in the followmg tables. The
results in Tdble II were obtained In the absence of

| oxygen by purging with CO, prior to the test. The re-

50

33

60

65

sults in Table Il were obtained in the presence of OXY-
gen by omitting the CO, purge. The tests were run in
laboratory brine at a temperature of 150°F. for 72
hours. Note that the corrosion inhibitor 1s effective
both in the presence and absence of oxygen.

Table 11

CQ, Purge to Remove O,

Ex. Compound PPM  WT. LLOSS % PROTECTION
Blank 68
Blank 6y
Blank 67
1 MEP salt
200 15 18
500 26 6l
2 Amine C-6
1% Cot++
| 200) 27 60
| 500 36 46
3 Crude
Picoline
200) 12 82
500 23 66
4 MI-P +
NH,OH
200 21 6HY
50 54 19
5 TEA
2(}) I8 73
500 37 d5
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Table I

With Oxygen (NuCO., Purge)

Ex. Compound PPM WT. 1.OSS % PROTECTION
Blank 38

Biank 37 37
l MEP salt 2040 () ()0
500 6 84
2 Amine C-06 200 13 65
1% Co++ 500 Y 76
3 Crude 200 7 81
Picoline 500 4 89
4 MEP+ 200 6 84
NH,OH 500 17 54
5 TEA 200 11 70
500 14 62

While the specific examples of the invention have
been set forth herein, it is not intended to limit the
invention solely thereto, but to include all the varta-
tions and modifications falling within the spirit of the
imvention.

We claim:

1. A corrosion inhibiting composition comprising
triethanolamine bisulfite.

2. A corrosion inhibiting composition comprising a
tertinary heterocyclic amine bisulfite.

3. The bisulfite of claim 2 wherein the tertiary het-

erocyclic amine is selected from the group consisting of

alkyl pyridines, quinoline, isoquinoline, benzoguino-
line, phenanthridine, acridine; alkyl substituted quino-
lines, isoquinolines, benzoquinolines, phenanthridines
and acridines; bis-2-(4-morpholinyl) ethyl ether, 4-(2-
aminoethoxy) ethylmorpholine, 2-(4-morpholinylc-
thoxy) ethanol, 4-(2-aminoethyl)morpholine, dimor-
pholinoethanc and picoline.

4. The bisulfite of claim 2 where the tertiary hetcro-
cyclic amine is a pyridine amine or a morpholine
amine.

5. A process of oxygen scavenging and corrosion
inhibition which comprises treating a corrosive aque-
ous medium with the composition of claim 3.

6. A process of oxygen scavenging and corrosion
inhibition which comprises treating a corrosive ague-

"

10)

8

ous medium with the composition of claim 1.

7. A process of oxygen scavenging and corrosion
inhibition which comprises treating a corrosive aque-
ous medium with the composition of claim 2.

8. A process of oxygen scavenging and corrosion
inhibition which comprises treating a corrosive aque-
ous medium with the composition of claim 4.

9. A process of preventing corrosion of metals em-
ployed in water flooding or in the disposal of wastc
water and brine from oil and gas wells, which comprises
injecting into an underground formation, an aqueous
solution containing a minor amount of the composition
of claim 1 sufficient to prevent the corrosion of said
metals.

10. A process of preventing corrosion of metals em-
ployed in water flooding or in the disposal of waste

~ water and brine from oil and gas wells, which comprises

25
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injecting into an underground formation, an aqueous
solution containing a minor amount of the composition
of claim 2 sufficient to prevent the corrosion of said
metals.

11. A process of preventing corrosion of metals em-.
ployed in water flooding or in the disposal of waste
water and brine from oil and gas wells, which comprises
injecting into an underground formation, an aqueous
solution containing a minor amount of the composition
of claim 4 sufficient to prevent the corrosion of said
metals.

12. A process of preventing corrosion of metals em-
ployed in water flooding or in the disposal of waste
water and brine from oil and gas wells, which compriscs
injecting into an underground formation, an aqueous
solution containing a minor amount of the composition
of claim 3 sufficient to prevent the corrosion of said
metals.

13. A composition comprising the compound of
claim 1 and cobalt ions.

14. A composition comprising a compound of claim
2 and cobalt 10ns. | | |

15. A composition comprising a compound of claim
4 and cobalt ions.

16. A composition comprising a compound of claim

3 and cobalt 10ns.
x k% k%
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